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1. 


INTRODUCTION 


The  widespread  acknowledgement  of  the  hazards  to  normal 
spacecraft  operation  of  electrostatic  charging  due  to  inter- 
action of  the  spacecraft  with  the  natural  plasma  has  led  to  a 
need  by  several  government  agencies  for  a specification  of  the 
environment  which  can  be  used  to  make  predictions  of  spacecraft 
behavior  (DeForest,  1971,  1972;  McPherson,  et  al . , 1975;  Rosen, 
1975;  Scarf  and  Fredricks,  1972;  Shaw,  1974;  Stevens,  1975; 
Whipple,  1976) . 

The  work  presented  in  this  report  grew  out  of  the  special 
needs  of  DNA  to  model  spacecraft  charging,  particularly  in  un- 
usual circumstances.  This  work  covers  only  the  plasma  at  the 
geosynchronous  orbit  (GSO) . Similar  studies  have  been  funded 
by  NASA's  Lewis  Research  Center  and  the  Air  Force  Geophysics 
Laboratory.  Those  studies  are  not  targeted  at  DNA's  needs  and 
are  on  a longer  schedule  for  completion.  In  particular,  the  work 
being  funded  by  AFGL  is  expected  to  lead  to  a comprehensive  en- 
vironmental "Atlas"  to  be  used  by  a wide  variety  of  researchers. 
However,  that  report  is  still  at  least  a year  away. 

Therefore,  to  satisfy  the  needs  of  current  research  pro- 
grams being  funded  by  DNA,  this  preliminary  specification  was 
created.  It  is  accurate,  but  crude.  The  data  presented  here 
can  be  used  as  input  to  modeling  programs  with  the  assurance 
that  it  is  the  best  available,  but  that  a better  model  will 
eventually  replace  it. 

To  facilitate  use  of  this  and  later  models,  we  have 
closely  coordinated  the  various  efforts  so  that  the  final  foi n 
of  the  environmental  specification  will  be  compatible  with  this 
preliminary  specification  without  extensive  re-programming. 

1.1  DESCRIPTION  OF  THE  PROBLEM 

The  natural  plasma  at  GSO  is  difficult  to  describe 
simply.  The  various  plasma  parameters  vary  over  orders  of 
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magnitude  (DeForest  and  Mcllwain,  1971)  from  hour  to  hour. 

The  main  source  of  this  plasma  is  the  geomagnetic  substorm 

22 

(Akasofu,  1968)  which  can  release  10  ergs  into  the  magneto- 
sphere in  about  20  minutes.  Many  ground-based  and  spacecraft 
experiments  have  studied  this  problem  {Chappell,  1970;  Konradi, 
et  al . , 1975;  Lezniak  and  Winckler,  1971;  Mauk  and  Mcllwain, 
1974;  Mcllwain,  1972,  1974,  1975;  Reasoner,  et  al . , 1975; 
Vasyliunso,  1968)  with  limited  success.  Such  basic  parameters 
as  where  the  particles  originate,  how  the  energy  gets  trans- 
ferred from  the  solar  wind  to  the  magnetosphere,  and  what 
triggers  the  substorm  are  yet  to  be  answered.  Similarly,  pre- 
diction of  substorms  is  still  in  the  future. 

To  make  matters  more  difficult,  only  two  spacecraft  have 
been  flown  at  GSO  to  provide  data  on  the  plasma.  These  are 
ATS-5  and  ATS-6.  Both  spacecraft  carried  detectors  that  re- 
spond to  a given  energy  per  unit  charge.  For  the  negative 
channels  this  undoubtedly  means  that  they  are  responding  to 
electrons,  but  the  positive  channels  could  be  either  protons 
or  heavier  ions. 

ATS-5  covered  the  energy  range  from  50  eV  to  50  KeV 
with  two  pairs  of  body-mounted  analyzers.  ATS-6  represents  a 
considerable  improvement  with  an  energy  range  of  0.1  eV  to 
80  KeV  with  two  pairs  of  analyzers  mounted  in  heads  which 
rotate  — one  in  the  north-south  plane;  the  other  in  the  east- 
west  plane. 

ATS-6  has  uncovered  a wealth  of  new  information,  but 
unfortunately,  it  is  extremely  complex  to  analyze.  Some  of 
these  effects  are  field-aligned  fluxes,  and  cold  plasmas. 

Therefore  we  begin  to  see  that  the  environmental  speci- 
' fication  must  include  such  items  as  the  local  magnetic  field, 

the  distribution  function  of  electrons  as  a function  of 
energy,  time,  and  pitch  angle,  the  same  for  protons,  and 
probably  the. same  for  heavy  ions.  Much  of  this  information 
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simply  does  not  exist.  Moreover,  the  variability  of  para- 
meters is  too  great  to  consider  all  cases  of  everything. 

1.2  DEVELOPMENT  OF  PRELIMINARY  CPECIFICATION 

The  solution  of  the  problems  presented  in  the  previous 
section  is  to  recognize  that  this  is  a preliminary  study  and 
that  not  all  parameters  can  be  presented. 

Therefore  we  have  limited  our  data  base  to  ATS-5  only. 
This  is  much  simpler  to  handle,  and  the  analysis  programs  are 
much  better  developed  than  they  are  for  ATS-6.  We  use  the 
ATS-5  data  to  give  the  bulk  of  the  plasma  and  in  Appendix  C 
give  prescriptions  for  adding  hypothetical  cold  plasmas  and 
field-aligned  components.  Also  in  the  appendix  is  reasonable 
ranges  over  which  to  vary  the  relevant  parameters.  This  ap- 
proach will  get  a preliminary  model  to  potential  users  quickly 
without  the  expense  of  a complete  study. 


2.  DATA  SELECTION 


Environmental  data  from  the  UCSD  plasma  instrument  on 
board  ATS-5  covering  the  period  of  September  1969  through  the 
vernal  equinox  of  1971  (approximately  500  days)  has  been 
analyzed  to  provide  input  spectra  for  general  modeling. 
Representative  data  from  six  days  is  presented  in  the  follow- 
ing forms: 

• 24  hr  spectrogrcim 

• Integrals,  for  electrons  and  protons,  of  the  number 
densities  and  energy  fluxes  respectively  based  on 
2.3  minute  averages  for  the  selected  24  hour  periods 

• Plots  of  six  selected  spectra  for  each  24  hour 
period 

• Printouts  and  punched  cards  containing  the 
selected  spectra 

The  data  has  been  selected  to  typify  several  broadly 
different  categories  of  magnetospheric  weather  which  occur 
at  geosynchronous  orbit.  While  representative  of  the  magneto- 
spheric  conditions  the  data  are  not  extensive.  It  is  meant  to 
provide  useful  input  for  the  development  of  spacecraft  charging 
codes . 


2.1  BACKGROUND  INFORMATION  FOR  DATA  SELECTION 

Previous  studies  provide  background  information  which 
is  useful  in  the  selection  of  data  for  the  study  of  space- 
craft charging.  Facts  which  should  be  considered  include: 
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2.1.1  Spacecraft  Performance  Features 

• Spin  up  anomalies  on  the  DSCS-II  spacecraft  are 
well  correlated  with  geomagnetic  substorms 
(TRW  SCA  II,  1975) 
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• There  is  a strong  association  of  unexplained  satel- 

lite performance  with  the  midnight  to  dawn  sector 
of  local  time  (McPherson,  et  al . (1975)).  (See 

Figure  2.1.) 

• Tlie  local  time  distribution  of  spacecraft  charging 

events  is  found  to  maximize  between  local  midnight 
and  dawn  (Reasoner,  et  al . (1975)).  (See  Figure 

2.2. ) 

2.1.2  Magnetospheric  Weather  Features 

• Equatorial  observations  by  the  geostationary  satel- 
lite ATS-5  of  charged  particles  on  auroral  lines  of 
force  reveal  the  frequent  injection  of  plasma  clouds 
into  the  magnetosphere.  These  intrusions  of  hot 
plasma  are  found  to  have  a one  to  one  correspondence 
with  magnetospheric  substorms  (DeForest  and  Mcllwain, 
1971)  . 

• The  electromagnetic  fields  surrounding  the  earth  act 
to  separate  the  injected  plasma  clouds  on  the  basis 
of  both  charge  and  energy  (Mcllwain,  1972).  Electric 
fields  attempt  to  bring  about  corotation  of  low 
energy  electrons  and  protons  as  one  moves  inward 
toward  the  earth.  Magnetic  field  gradients  cause 
high  energy  electrons  to  drift  toward  the  dawn  side 
of  the  magnetosphere  while  high  energy  protons  are 
caused  to  drift  toward  dusk.  Effects  of  importance 
which  follow  are  first,  the  spectra  in  the  midnight 
to  dawn  sector  are  characterized  by  high  electron 
energies  and  thus  tend  to  induce  spacecraft  charg- 
ing (DeForest,  1972),  and  second,  field  aligned 
fluxes  are  set  up  in  order  to  maintain  overall  charge 
neutrality  (Mcllwain,  1975).  These  fluxes  can  make 
important  contributions  to  differential  charging  of 
spacecraft  surfaces  (DeForest,  1973). 
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Figure  2.1.  Unexplained  satellite  performance  correlates 


• The  plasmasphnre  shrinks  during  periods  of  high 
magnetic  activity  (Chappel,  1970).  At  geosyn- 
chronous orbit  encounters  with  the  plasmasphere 
are  concentrated  in  the  local  noon  to  local 
evening  section  as  shown  in  Figure  2.3.  Plasma- 
sphere  encounters  are  anti-correlated  with  space- 
craft charging.  There  are  tv/o  reasons  for  this. 

First,  the  high  density  low  energy  plasma  provides 
a grounding  current  to  the  spacecraft  thus  pre- 
venting large  potential  buildups.  Second,  plasma- 
sphere  encounters  are  more  common  during  quiet 
times  when  substorm  activity  is  low. 

2.2  TYPICAL  CONDITIONS  REPRESENTED 

With  these  facts  in  mind  data  from  the  year  1970  gathered 
by  the  UCSD  plasma  spectrometers  on  ATS-5  was  analyzed.  From 
these  data  the  six  representative  days  were  chosen  to  typify 
the  following  magnetospheric  weather  conditions: 

• A quiet  day  with  no  substorm  activity 

• A moderately  active  day  with  a single  substorm  of 
low  intensity 

• Two  days  with  intense  localized  post  midnight  sub- 
storms 

• A pre-midnight  substorm 

• A day  when  spacecraft  charging  occurred  in  the 
sunlight 

2.3  SPECIAL  CONDITIONS 

Several  special  conditions  can  occur  which  we  have 
designed  into  the  total  distribution  functions  which  are  to 
be  used  in  this  study  (see  Appendix  C) . 
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Figure  2.3  Local  time  distribution  of  warm  plasma  en- 
counters . 
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2.3.1  Eclipse  of  the  Sun 

The  spacecraft  charging  phenomena  was  first  discovered 
on  ATS-5  during  eclipse.  The  loss  of  the  large  photoelectron 
flux  from  the  satellite  surfaces  allows  the  satellite  to  float 
up  to  high  potentials  (DeForest,  1972). 

2.3.2  Field  Aligned  Fluxes 

Usually  encountered  during  the  intense  early  phases 
of  a substorm  and  of  importance  because  they  can  cause  dif- 
ferential charging. 


12 


3. 


DATA  AND  FORMAT 


The  data  presented  in  this  section  consists  of  four 
types  in  addition  to  sets  of  punched  cards  for  easy  computer 
use.  For  each  day  or  event  presented,  a 24-hour  spectrogram 
is  used  to  establish  the  context.  Following  that,  selected 
spectra  are  shown  which  illustrate  significant  events.  In- 
struction for  reading  both  the  spectrograms  and  the  average 
plots  are  provided  in  the  appendix.  The  same  data  have  been 
written  on  punched  cards  and  are  available  for  future  use. 

The  printouts  of  the  detailed  spectra  are  also  available. 

Note  that  these  detailed  spectra  are  produced  from  6.8  minute 
averages.  This  gives  good  statistics  without  smoothing  rapid 
time  fluctuations. 

The  final  form  of  data  presentation  is  a table  of  various 
integrals  taken  over  2.3  minute  periods  for  the  whole  day.  These 
might  prove  useful  for  studies  where  analytical  approximations 
to  the  spectral  shape  is  more  useful  than  the  actual  spectra. 

The  whole  day  is  provided  for  possible  future  use  in  time- 
varying  codes. 

3.1  MODERATE  ACTIVITY 

2/1/70  — The  activity  on  this  day  was  limited  to  two 
early  morning  injections  at  approximately  0110  and  0500  UT. 

The  effect  was  to  bathe  the  spacecraft  in  a moderate  flux  of 
3000  volt  electrons.  From  previous  experience,  we  can  esti- 
mate that  had  the  spacecraft  gone  into  eclipse  on  this  day, 
it  would  have  charged  to  approximately  1000  volts. 

The  fluxes  associated  with  this  injection  were  insuf- 
ficient to  cause  charging  in  the  sunlight.  (For  purposes  of 
this  report  a potential  of  less  than  about  50  volts  will  be 
neglected  since  the  ATS-5  detectors  do  not  sense  lower  ener- 
gies) . Furthermore,  isolated  substorms  of  this  type  have 
never  been  seen  to  charge  ATS-5  significantly.  However,  from 
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ATS-6  data  we  can  estimate  that  a potential  of  at  least  -5 
volts  occurred  and  that  by  simply  renormalizing  the  total  flux 
by  a factor  of  2-10  while  keeping  the  same  spectral  sfiape,  we 
can  simulate  the  conditions  under  which  daylight  charging  of 
-100  volts  v/ould  happen. 

Detailed  spectra  are  provided  for  0300  to  see  the  pre- 
electron encounter  conditions.  The  next  spectra  are  at  0400 
when  the  high-energy  protons  had  been  encountered,  but  not  the 
associated  electrons.  The  next  three  sets  of  spectra  are 
taken  at  different  points  in  the  main  part  of  the  substorm. 

At  0530  ATS-5  experiences  the  greatest  flux  of  high  energy 
electrons.  By  0630  the  average  energy  of  the  electrons  has 
fallen  slightly  due  to  gradient  drifting  while  the  average 
energy  of  the  ions  has  increased  slightly.  At  0730  the  ion 
chasm  is  well  developed,  and  a notch  has  developed  in  the 
electron  spectra.  This  feature  is  common  and  will  persist 
for  the  entire  day.  A final  set  of  spectra  taken  at  1200  is 
provided  simply  to  complete  the  story.  The  spectra  at  0530 
and  0630  are  probably  the  most  hazardous  to  the  spacecraft. 

In  summary,  2/1/70  is  a good  example  of  isolated, 
moderate  activity  which  could  be  used  to  study  the  response 
of  a spacecraft  to  a normal  environment. 

3.2  INTENSE  LOCALIZED  POST  MIDNIGHT  SUBSTORM 

2/11/70  — On  this  day  we  were  fortunate  enough  to  find 
an  intense  substorm  occurring  right  at  the  spacecraft  location. 
This  day  is  particularly  valuable  because  of  the  lack  of  com- 
plicating activity  at  other  times,  and  because  no  corrections 
for  daylight  charging  are  needed. 

Tlie  injection  took  place  at  0850  when  ATS-5  was  located 


in  the  hazardous  midnight-to-dawn  sector.  The  total  fluxes  at 
0900  were  quite  close  (within  a fraction  of  2)  of  charging  the 
spacecraft  in  sunlight. 


The  first  set  of  spectra  are  taken  in  the  quiescent 
plasma  at  0700.  The  next  spectra  taken  at  0900  show  the  first 
encounter  with  this  event.  The  low-eneryy  spike  seen  in  both 
electron  detectors  is  not  due,  as  might  be  suspected,  to 
charging  positively,  but  rather  is  most  likely  the  locally 
produced  secondaries  being  reflected  from  a suddenly  enhanced 
plasma  sheath  about  the  spacecraft  (see  discussion  by  Whipple, 
1976) . T)iis  event  could  easily  have  produced  charging  in  ex- 
cess of  10,000  volts  if  the  spacecraft  had  been  eclipsed  at 
this  time.  Such  a sharp,  localized  event  was  probably  respon- 
sible for  the  main  power  supply  failing  on  a non-NASA  space- 
craft. (Note  both  ATS-5  and  ATS-6  are  research  craft  and  are 
somewhat  better  built  than  ordinary  operational  craft.  There- 
fore one  is  not  surprised  that  they  can  sail  through  distur- 
bances that  would  sink  weaker  vehicles.) 

Spectra  at  1000  and  1100  document  the  evolution  of  the 
event  in  the  normal  manner.  The  predominant  spectral  clianges 
are  again  caused  by  gradient  drifts. 

Spectra  at  1400  and  1700  show  the  complex  spectra  that 
can  result  from  the  combination  of  injected  particles,  particle 
losses  (the  chasm  in  the  protons,  and  loss  of  hrgh-energy 
electrons) , and  multiple  encounters  with  the  high-energy  parti- 
cles as  they  circle  the  earth.  These  spectra  would  be  useful 
for  studying  spacecraft  conditions  near  noon.  However,  a low- 
temperature  plasma  must  be  assumed  to  be  present  in  both  sets 
(see  previous  section) . (See  also  the  description  of  day 
12/3/70  for  a similar  event.) 

3.3  QUIET  DAY 

2/12/70  — This  day  was  chosen  to  illustrate  a quiet 
period  partly  because  it  is  one  of  the  longest  quiet  times 
normally  seen,  and  because  it  fortunately  followed  une  intense 
event  already  described  on  2/11/70.  Therefore  we  have  a single 
two-day  period  of  uncommon  interest  for  this  project.  Note 


that  we  have  small  data  gaps  at  both  the  start  and  end  of  the 
day.  These  are  of  no  conseciuence  since  the  activity  is  so 
low. 

The  spectra  for  this  day  is  simply  spaced  throughout  to 
sample  uniformly.  Any  use  of  these  spectra  must  assume  the 
presence  of  copious  cold  (or  "warn")  plasma  with  densities  of 
at  least  30  cm 
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POST-MIDNIGHT  SUBSTORM 


3/18/70  — The  event  shown  on  tliis  day  actually  consists 
of  two  closely  spaced  injections  occurring  after  a large  quiet 
period.  The  activity  starts  at  about  1040  UT . This  is  suf- 
ficiently past  midnight  that  the  plasma  response  is  very  dif- 
ferent than  the  case  shown  for  2/11/70.  In  particular,  the 
main  body  of  protons  do  not  reach  the  spacecraft  until  about 
1330  after  traveling  around  the  world  to  the  west.  This  situa- 
tion could  produce  hazardous  charging. 

The  first  set  of  spectra  taken  at  0900  set  the  stage  for 
the  later  injection.  The  next  three  sets  are  spaced  somewhat 
closer  than  the  nominal  minimum  of  one  hour  followed  in  the 
rest  of  this  report.  This  was  necessary  because  of  the  rapid 
development  and  the  desire  to  show  all  phases  of  the  event. 

The  set  of  1000  shows  some  electron  enhancement  over  the 
earlier  spectra.  The  1050  spectra  shows  the  leading  edge  of 
the  injection.  (Note  the  apparent  oscillations  in  the  electron 
spectra  in  this  and  the  following  set  are  an  unavoidable  arti- 
fact due  to  the  particular  operating  mode  chosen  that  day  and 
the  relatively  rapid  changes  taking  place.)  At  1112  we  see 
significant  changes  in  both  the  low-energy  electrons  and  the 
shape  of  the  protons.  But  at  1200  we  see  even  hotter  electrons 
instead  of  the  effective  cooling  we  would  expect  normally.  The 
explanation  is  easily  seen  in  the  spectrogram;  another  injec- 
tion has  followed  this  first.  This  is  common  and  does  not  af- 
fect the  usefulness  of  this  day  for  the  report. 
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The  final  set  of  spectra  follow  the  injection  develop- 
ment. Only  now  we  see  that  the  electrons  have  experienced 
rapid  depletion  (by  probably  precipitating  into  the  atmosphere) 
and  the  arrival  of  the  protons  from  their  trip  around  the  world 
has  given  us  a spike  in  the  distribution. 

3.5  Pru;-MIDNIG1IT  SUDSTOR.M 

12/3/70  — The  main  feature  of  this  day  is  the  surplus 
of  high-enerjy  protons  early  in  the  day.  Although  this  condi- 
tion is  probably  not  Jiazardous  to  spacecraft  from  the  point  of 
view  of  charging,  it  is  a common  occurrence,  and  the  vehicle's 
response  should  be  studied.  Spectra  are  provided  for  0200, 

0400,  0600,  0700,  0600,  and  1200  LT.  The  first  four  are  of 
prime  interest  for  the  study  of  the  effect  of  high-energy  pro- 
tons. The  0800  spectra  can  be  used  in  a way  similar  to  those 
of  2/11/70  for  intense  localized  substorms.  The  main  difference 
between  the  two  are  the  higher  energies,  but  lower  fluxes  seen 
cn  12/3/70.  The  last  set  of  spectra  (1200  LT)  are  provided 
simply  to  s)iow  the  time  development  of  the  storm. 

3.6  ECLIPSE  AND  SUNLIGHT  CHARGING 

3/14/71  — Although  the  intent  of  this  report  is  to  pro- 
vide isolated  examples  of  various  types  of  events  at  synchronous 
altitude,  we  realize  that  for  many  purposes  this  is  not  suffi- 
cient. Therefore  we  also  present  an  active  day  which  has  both 
charging  in  eclipse  and  a good  example  of  charging  in  sunlight. 
As  can  be  seen  from  the  spectrogram,  this  day  is  very  different 
from  the  other  examples.  Several  distinct  substorms  follow  one 
after  the  other.  The  plasma  conditions  change  so  quickly  that 
obtaining  good  averages  is  difficult.  The  charging  events  are 
easily  identified  by  the  bright  bands  in  the  low  energy  protons. 
The  eclipse  is  always  centered  about  local  midnight,  and  the 
sunlight  charging  on  ATS-5  is  always  observed  between  midnight 
and  dawn. 


The  first  spectra  taken  at  0600  is  pre-eclipse.  The 
next  two  are  at  different  phases  of  the  eclipse.  The  0800  set 
is  post-eclipse.  The  last  two  sets  of  spectra  are  preceding 
and  during  sunlight  charging. 

The  parallel  electrons  in  the  last  two  cases  show  the 
effects  of  differential  charging. 

Persons  using  this  set  of  data  might  want  to  correct  the 
fluxes  to  what  they  would  be  if  there  were  no  charging.  The 
cookbook  method  for  doing  this  assumes  that  the  instrument 
is  a differential  detector.  Then  by  Liouville's  theorem, 

J^(E)  = [E^/(E  - Jj^(E  - q$) 

where  is  the  predicted  flux  at  energy  E,  is  the  measured 
flux,  and  C>  is  the  potential.  The  sign  of  the  charge,  q,  is 
positive  for  ions  and  negative  for  electrons.  We  emphasize 
that  the  only  fluxes  to  be  corrected  by  means  of  the  above 
equation  are  those  for  3/14/71. 

For  the  sunlight  charged  cases  the  average  potential  ip 
is  -80  volts.  The  spread  throughout  the  event  ranges  from 
zero  to  -200  volts  in  sunlight.  Therefore  corrections  above 
a few  thousand  volts  are  unnecessary. 

As  can  be  seen  from  the  spectrogram  on  3/14/71,  the 
potential  varies  throughout  the  entire  eclipse  from  zero  to 
-2500  volts.  For  the  eclipse  case  shown  in  p.  40  all  channels 
should  be  corrected  with  4>  = -1700  volts. 


The  lowest  energy  fluxes  of  electrons  and  the  highest 
energy  ions  will  be  missing  from  the  corrected  spectra. 


4. 
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APPENDIX  A 

DESCRIPTION  OF  ATS-5  SPECTR0GRA^•1S 


FORMAT 

The  spectrograms  are  produced  in  pairs:  one  showing 

the  spectra  from  the  perpendicular  proton  and  the  perpendicular 
electron  analyzers  and  one  showing  the  spectra  from  the  parallel 
proton  and  electron  analyzers.  They  are  labeled  by  a large  _[ 
or  ] I on  the  middle  left  side.  The  proton  part  is  always  below 
the  electron  part.  The  day  of  the  year  (January  1 equals  day  1) 
and  year  is  given  at  the  bottom.  The  month,  day  in  month,  and 
year  are  also  given  at  the  left  just  above  the  J_  or  | | label. 

The  times  at  the  beginnings  and  ends  of  the  spectrograms  can 
bo  arbitrarily  set,  and  can  cover  any  desired  time  span.  Time 
scales  covering  as  little  as  10  minutes  and  as  great  as  4 days 
have  been  used.  When  more  than  one  day  is  encompassed,  either 
negative  hours  or  hours  greater  than  24  are  used  to  prevent  any 
ambiguity.  Grey  scales  are  located  at  the  right.  Six  different 
integrals  are  plotted  in  grey  coded  bands  in  the  upper  part  along 
with  magnetic  field  quantities.  At  the  very  top  are  two  data 
quality  indicators. 

GREY  SCALE  INTERPRETATION 

The  primary  value  of  spectrograms  is  their  ability  to 
reveal  patterns  in  the  energy-time  plane.  The  determination 
of  actual  flux  levels  from  them  is  of  secondary  importance. 

For  this  reason,  and  because  of  the  loss  in  time  resolution, 
the  option  which  produces  a coded  pattern  with  which  accurate 
flux  values  can  be  obtained  is  now  rarely  used.  Color  coding 
also  permits  accurate  values  to  be  obtained,  but  is  more  expen- 
sive than  grey  coding.  In  the  present  case,  color  is  reserved 
for  adding  another  dimension:  by  superimposing  the  perpendic- 

ular and  parallel  spectrograms  with  color  filters  limiting  each 
to  one-half  of  the  visible  spectrum,  the  energy  and  time 
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dependence  of  the  pitch  angle  anisotropies  are  clearly  dis- 
played as  patterns  of  different  shades  of  color. 

Should  one  desire  to  estimate  the  flux  at  a given  point 

on  a spectrogram,  first  locate  the  corresponding  level  on  the 

grey  scale  at  the  lower  right  and  determine  the  value  of  "G" 

on  the  scale  marked  0 to  3 . The  differential  energy  flux  in 
2 

eV/cm  sec  sr  eV  is  then  given  by 


(lO*^  - 1) 


where  b is  given  by  "EL"  in  the  lower  left  corner  of  the  spec- 
trogram for  the  electron  fluxes  or  "PR"  for  the  proton  fluxes. 
The  value  of  "ST"  in  the  lower  left  corner  gives  the  change  in 
G between  each  of  the  33  discrete  grey  levels  available. 


One  option  available  is  to  let  the  grey  scale  recycle 
repeatedly  instead  of  simply  saturating.  This  option  with  a 
small  value  of  "ST"  is  used  to  reveal  small  variations  over  a 
wide  dynamic  range  of  fluxes. 


ENERGY  SCALES 

The  computer  program  which  generates  the  spectrograms 
can  utilize  any  arbitrary  function  of  energy  for  the  energy 
scales  for  exhibiting  all  or  any  part  of  the  measured  spectra. 
The  entire  range  from  50  eV  to  50  keV  is  usually  plotted  with 
one  of  the  two  types  of  scales: 

1.  Logarithmic  with  50  eV  at  the  bottom  for  both  protons 
and  electrons. 

2.  Proportional  to  1/ (E  + 3 keV)  with  the  electron  part 
inverted  and  sharing  the  same  point  with  the  protons  at 
zero  energy.  The  bias  of  3 keV  was  arbitrarily  chosen 
to  give  a good  presentation  of  the  50  eV  to  50  keV 
energy  range.  If  the  scale,  S,  is  taken  to  be  0.0  at 
infinite  proton  energy,  1.0  at  zero  electron  and  proton 
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eneryy  and  2.0  at  infinite  electron  energy,  then 


I 


c = E(l-q)  + 3 keV 
E + 3 keV 

wliere  E is  the  particle  energy  in  keV, 
q = + 1 

depending  on  the  sign  of  the  particle's  charge.  Note 
that  at  low  energies,  S = 1 + qE/3  keV.  Tine  tic  narks 
are  located  at  S = 0,  1,  and  2.  The  extrapolation  of 
dispersion  curves  back  to  the  time  marks  (at  S = 0 or 
2)  yields  the  time  infinite  energy  particles  would 
have  arrived,  and  therefore,  the  time  of  the  event 
responsible  for  the  dispersing  particles.  The  slopes 
of  the  higli  energy  parts  of  dispersion  curves  give  a 
measure  of  the  distance  of  the  satellite  from  the 
regions  in  which  the  particles  wore  perturbed,  but  it 
is  apparently  necessary  to  include  electric  field  ef- 
fects to  obtain  useful  accuracy. 

SUBSIDIARY  DATA 

A nuniber  of  useful  quantities  are  given  in  the  lower 
left  hand  corner. 

The  analyzers  in  the  "master"  and  "mate"  channels  are 
identified  by  numbers  following  "MASTR"  and  "MATE"  according 
to  the  scheme : 

1.  perpendicular  electron  analyzer 

2.  perpendicular  proton  analyzer 

3.  parallel  electron  analyzer 

4.  parallel  proton  analyzer 
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TA  = averaging  time  for  the  spectra  in  minutes 

TS  = time  between  spectral  averages  in  minutes 

Tti  = averaging  time  for  the  magnetic  data  in  minutes 

The  seven  bit  command  word  is  given  immediately  below 
"COMi’lAND".  The  first  three  bits  give  the  channel  assignments 
and  are  therefore  redundant  to  the  master  and  mate  identifica- 
tions given  above.  Bits  4 and  5 specify  the  operating  mode 
according  to  the  scheme: 

bit  4 5 Mode 


0 0 track-scan 

0 1 single  step  scan  only 

1 0 track  only 

1 1 double  step  scan  only 

Bits  6 and  7 not  set  to  zero  correspond  to  other  modes  which 
are  rarely  used. 

"ST",  "El.",  and  "PR"  are  described  above. 

"PSNG"  specifies  the  quantity  being  plotted  in  the 
spectrogram  according  to  the  scheme: 

1.  differential  energy  flux. 

2.  differential  number  flux. 

3.  ratios  of  the  flux  averaged  over  "TS"  minutes  to 
the  flux  averaged  over  the  previous  "TA"  - "TS" 
minutes. 

4.  ratios  of  adjacent  energy  steps. 

Options  other  than  the  first  are  used  only  in  special 
studies.  If  the  option  to  make  the  background  black  rather 
than  white  has  been  used,  then  "PSNG"  will  be  negative.  A 
black  background  is  preferred  for  slides  that  are  to  be  pro- 
jected. 


MAGNETIC  FIELD 


Data  from  the  ATS-5  magnetometer  have  been  kindly  sup- 
plied by  T.  Skillman  of  the  Goddard  Space  Flight  Center  and 
are  plotted  above  the  spectral  data  along  with  lines  at  0,  50, 
100,  and  150  gammas.  The  data  are  not  corrected  for  the  ef- 
fects of  time  changes  in  the  spacecraft  current  systems.  These 
perturbations  can  be  as  large  as  15  gammas.  The  absolute  value 
of  the  magnetic  field  component  parallel  and  perpendicular  to 
the  spin  axis  is  given  by  the  darker  and  lighter  points  re- 
spectively (and  usually  the  upper  and  lower  respectively)  with 
the  spectrograms  of  the  perpendicular  analyzers.  Tlie  perpen- 
dicular component  is  obtained  using  only  the  coarse  (33  gamma 
step  size)  data  and  is  thus  uncertain  by  at  least  + 10  gammas. 
Most  of  the  scatter  in  this  component  is  due  to  using  only  the 
coarse  data. 

The  magnitude  of  the  field  and  the  angle  of  the  field  to 
the  spin  axis  are  given  by  the  lighter  and  darker  points  re- 
spectively (and  usually  the  upper  and  lower  respectively)  with 
the  spectrograms  of  the  parallel  analyzers.  The  angle  to  the 
spin  axis  is  given  in  degrees.  Both  the  magnitude  and  angle 
are  subject  to  the  additional  uncertainties  in  the  perpendi- 
cular component. 


INTEGRALS 

Above  and  below  the  magnetometer  data  are  six  strips  in 
wliich  various  quantities  are  logarithmically  encoded  in  a grey 
scale  such  that  a ratio  of  about  2000  to  1 is  covered  in  going 
from  black  to  white. 

In  the  1st,  2nd,  3rd,  and  5th  strips,  the  following 
integrals  from  the  perpendicular  and  parallel  analyzers  are 
plotted  with  perpendicular  and  parallel  spectra  respectively; 
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Quantitv 


PR  N DEN  proton  number  density 
EL  N DEN  electron  number  density 

E E FLX  electron  energy  flux 

PR  E FLX  proton  energy  flux 


Value  at  Midpoint  of  Grey  Scale 

1.0  proton/cm^ 

3 

1.0  electron/cm 
2 

1.0  erg/cm*"  sec  sr 
2 

1.0  erg/cm  sec  sr 


In  the  4th  strip  labeled  "PRESSURE",  the  total  perpendi- 
cular electron  plus  proton  pressure  is  plotted  with  the  spectro- 
gram of  the  perpendicular  detectors  with  a midpoint  value  of 
— 8 2 

10  dynes/cm  . In  the  4th  strip  with  the  parallel  data,  the 

magnetic  field  pressure  is  plotted  with  a midpoint  value  of 

*8  2 
2 X 10  dynes/cm  . 

In  the  6th  strip  (near  the  top)  labeled  "PAR  NFLX"  the 

parallel  electron  number  flux  is  plotted  with  the  spectrogram 

of  the  perpendicular  detectors  with  a midpoint  value  of 
8 2 

10  electron/cm  sec  sr.  In  the  top  strip  with  the  parallel 

data,  the  parallel  proton  number  flux  is  plotted  with  a mid- 
7 2 

point  value  of  10  protons/cm  sec  sr. 


DATA  QUALITY  INDICATORS 

At  the  very  top  of  the  spectrogram  is  a line  which  in- 
creases in  breadth  with  an  increasing  percentage  of  missing 
data.  In  the  track-scan  mode,  about  73  percent  of  the  poten- 
tial data  is  usually  "missing"  since  75  percent  of  the  time  is 
spent  tracking  a peak  in  a narrow  spectral  region.  When  data 
are  not  available,  previous  data  are  used  unless  the  time  gap 
is  greater  than  30  minutes  in  which  case  the  spectrograms  are 
left  blank.  The  top  line,  of  course,  goes  to  its  maximum 
width  during  gaps  in  the  data.  The  magnetometer  data  are 
not  plotted  during  such  gaps.  Care  must  be  exercised  to  avoid 
false  interpretations  of  spectrograms  containing  data  padded 
in  from  an  earlier  time. 
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Just  below  the  missiny  data  line  is  a line  which  becomes 
darker  and  thicker  with  increasing  numbers  of  bad  points.  Often 
the  quality  of  data  transmission  is  such  that  over  one  percent 
of  the  data  points  are  bad.  Even  the  highest  quality  data  being 
obtained  are  usually  incorrect  more  than  0.1  percent  of  the 
time.  This  corresponds  to  over  800  bad  data  points  per  day  of 
data.  A data  editing  scheme  has  been  devised  which  eliminates 
approximately  99  percent  of  the  bad  data  and  rarely  removes  data 
later  judged  to  be  good.  Failure  to  remove  bad  points  usually 
occurs  when  the  false  data  happen  to  form  a self-consistent  con- 
text. This  type  of  failure  to  edit  properly  is  responsible  for 
the  two  white  areas  in  the  lower  right  of  Figure  4.  The  bad 
data  indicating  line  reaches  its  maximum  thickness  when  there 
are  more  than  10  bad  points  in  the  four  spectra  measured  during 
the  time  covered  between  averages  (equal  to  "TS"). 


APPENDIX  B 

DESCRIPTION  OF  ATS-5  SPECTRAL  AVERAGE  PLOTS 


FORflAT 

The  spectra  from  tlie  two  electron  and  the  two  proton 
analyzers  are  plotted  in  adjoining  log-log  plots  with  borders 
at  30  eV  and  100  keV.  The  range  of  the  vertical  scale  is 
variable  and  depends  upon  whether  the  differential  energy  flux 
or  the  differential  number  flux  is  being  plotted.  The  parallel 
electron  spectrum  is  shifted  down  by  a factor  of  100  (i.e., 

X 0.01)  and  the  perpendicular  proton  spectrum  is  shifted  up 
by  a factor  of  100  (i.e.,  x 100).  These  shifts  usually  pro- 
vide adequate  separation  and  place  the  perpendicular  spectra 
above  the  parallel  spectra  in  each  case. 

The  universal  time  at  the  midpoint  of  the  data  being 
averaged  over  is  given  twice  at  the  top  of  the  plots.  On  the 
loft  hand  (electron)  side,  the  time  is  given  in  hours,  minutes, 
tenths  of  minute,  month,  day  of  month,  and  year,  and  is  fol- 
lowed by  the  averaging  time  in  minutes.  On  the  right  hand 
(proton)  side,  t)ie  time  is  given  in  hours  (to  the  nearest  one 
tliousandth  of  an  hour)  , day  of  year  (January  1 equals  day  1)  , 
and  the  year.  The  local  time  in  hours  and  minutes  is  sometimes 
added  on  the  left  side. 

Also  given  near  the  top  are  four  different  integrals  over 
each  of  the  four  spectra.  The  integrals  for  the  perpendicular 
data  are  given  above  the  integrals  for  the  parallel  data.  Fol- 
lowing two  of  these  sets  of  integrals  will  be  found  the  words 
"MASTER"  and  "MATE"  to  indicate  which  analyzers  are  occupying 
the  two  non- subcommutated  data  channels.  When  in  the  track  mode, 
the  "master"  analyzer  controls  the  peak  tracking  system.  The 
operating  mode  (for  example,  the  scan  only  or  track-scan  modes) 
of  the  system  is  given  on  the  right  side. 


ERROR  BARS 


Vertical  bars  which  encompass  the  middle  68,26  percent 
of  the  Poisson  distribution  are  given  at  each  data  point.  At 
high  rates,  they  correspond  to  plus  and  minus  one  standard  de- 
viation. The  approximation  = N + v'n~  (1.0  - 0.17/N)  is  used 
where  N is  the  total  number  oT  counts  accumulated  at  the  point. 

When  in  the  track-scan  mode,  there  are  about  four  times 
the  number  of  accumulations  at  the  points  near  the  energy  of 
the  peak  being  tracked  than  at  other  energies.  Also  the 
spectra  from  the  "MASTER"  and  "MATE"  channels  will  have  about 
twice  the  accumulation  time  as  the  other  two  (subcommutated) 
spectra . 

When  in  the  single  step  scan  only  mode,  every  other 
data  point  in  the  subcommutated  spectra  will  be  missing.  This 
under-sampling  of  the  spectra  can  lead  to  substantial  errors 
in  the  smooth  line  drawn  through  the  data  points  since  structure 
as  sharp  as  the  instruments'  resolution  is  frequently  observed. 

If  zero  counts  are  obtained,  then  the  error  bar  is  re- 
placed by  a triangle  pointing  up  to  the  line  which  is  placed 

at  one-half  the  flux  corresponding  to  one  count  being  accumu- 
lated. 

If  no  data  are  available  for  a point  during  the  time 

period  being  averaged  over,  then  the  flux  obtained  during  a 

preceding  time  period  is  inserted.  In  this  case,  the  error  bar 
is  replaced  by  a triangle  pointing  down  to  the  data  point. 

INTEGRALS  OVER  THE  SPECTRA 

The  four  integrals  given  for  each  analyzer  at  the  top 
of  the  plots  are  of  course  intrinsically  directional  quantities. 

The  parallel  cases  correspond  to  pitch  angles  a "v  0 (ot  = the 
angle  of  the  spin  vector  to  the  magnetic  field  vector)  and  the 
perpendicular  cases  correspond  to  averages  over  the  pitch  angle 
range  of  90  + a degrees.  The  integrals  are  taken  only  over  the 
measured  range  of  50  eV  to  50  keV  and  are,  therefore,  lower  limits. 
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3 

The  number  densities  in  particles/cm  are  labeled 
"DEN"  and  correspond  to  4 tt  times  the  directional  number  den- 
sities in  (jarticles/cm^  sr. 

-9  2 

The  particJe  pressures  in  10  dynes/cm  are  labeled 
"PRES".  They  correspond  to  8 tt/3  times  the  directional  energy 

3 

densities  in  ergs/cm  sr.  The  multiplication  by  8 -n/3  simpli- 
fies computation  of  the  total  particle  pressure  perpendicular 
to  the  magnetic  field  vector. 

2 

The  directional  energy  fluxes  in  ergs/cm  sec  sr  are 
labeled  "E  FLX" . 

6 2 

The  directional  number  fluxes  in  10  particles/cm  sec  sr 
are  labeled  "N  FLX". 
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APPENDIX  C 

CONSTRUCTION  OF  COMPLETE  SPECTRA 


( 


The  data  presented  in  the  main  report  can  be  combined 
with  experience  gained  in  the  ATS-6  program  to  construct  a 
most  probable  set  of  total  spectra.  This  consists  of  adding 
other  components  (estimated  for  ATS-6  data)  to  the  measured 
fluxes . 

Let  dNjj^  be  the  number  density  of  particles  of  species  H 
with  energies  in  the  range  between  E and  E + dE,  and  direc- 
tions in  the  range  between  ^ and  ^ + d(^.  We  represent  dN^^  by 
the  sum 


dN  = dN„  , , + 
Z ]l,cold 


dN.  + dN. 

£,xso  S,,FA 


where  dN.  . , and  dN.  represent  the  unmeasured  cold  and 

^'/COXCl  e\ 

field  aligned  components  of  the  total  distribution.  The 
measured  spectrum  is  isotropized  to  construct  dNj^  iso'  that 
we  may  write 


dN.  . = /m./2  e“^^^  dj,  50  eV  < E £ 50  keV 

where  dj  represents  the  measured  energy  flux  for  either  the 
parallel  or  perpendicular  detectors,  or  may  be  some  weighted 
combination  of  the  two. 


The  unknown  cold  and  field  aligned  components  are  repre- 
sented as 


dN 


t/Cold 


it, cold 


( ^’^'^ll,cold  ) 


3/2 


/E 


-E/kT 


I , cold 


dEdD 


H , FA  2 


( L 

\ ^kT 


-[(E-2  vEE  COS  U + E^)/kT,  „.] 

e clEd.Q 


where  a is  the  pitch  angle. 

The  unknown  quantities  in  these  equations  are  the  den- 
sities and  the  temperatures  of  the  cold  and  field  aligned  com- 
ponents, and  the  energy  E^  in  the  field  aligned  component.  In 
choosing  the  unknown  parameters,  charge  neutrality  should  be 
observed,  i.e. , 


where 


= N„  1 . + N„  . + N„  . 

i £,cold  l,xso  H,FA 


The  temperature  chosen  for  should  probably  be  a 

few  volts  to  a few  tens  of  volts.  The  density  of  the  cold  com- 
ponent can  be  estimated  from  Reasoner's  work  (1975)  and  Fig- 
ure 2.3  to  be  about  30/cm^. 

The  form  for  the  field-aligned  component  was  derived 
from  the  assumption  of  a displaced  Maxwellian  plasma  falling 
through  a potential  well  of  c^.  If  we  assume  that  these  parti- 
cles have  their  origins  in  the  ionosphere,  then  we  can  estimate 
100  10,000  electron  volts  and  that  kT^^  is  a few  electron 

volts.  The  density  is  more  difficult  to  estimate,  but  a few 
percent  of  the  ambient  would  be  consistent  with  measurements. 

Note  that  the  field-aligned  component  is  probably  only 
important  for  the  study  of  differential  charging  since  it  only 
influences  the  charge  state  at  locations  where  the  bulk  of  the 
plasma  is  excluded  (i.e.,  in  properly  oriented  cavities  on  the 
vehicle) . 
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ATTN;  irvinj;  M.  Garfunkel 
ATTN:  CB  B.  PearBstnn 
ATTN:  Julian  Heinheimer 
ATTN:  J.  I3t*nvenisle 
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Aveo  Rosea  rvh  S\  stems  (uamp 

ATTN:  l{es4-areh  Ul».  AKU),  Itm.  7l>01 

lUittelle  Memorial  Institute 

ATl’N:  R(»lu‘rl  H.  lUa/ek 

The  MOM 

Al’TN:  r.  H.  Nei^hlmrs 

I’he  Remhx  C'orjHiraiiun 

A l TN:  (ii‘orj*e  (iartner 

The  Boeing  Companv 

ATTN:  Donald  KKolkrout,  MS  2U-00 
ATTN:  Aeros-jiaee  Ul)raiy 
ATTN-  David  L.  D>-e,  M S H7-75 
ATTN:  Howard  V\.  Wieklein,  MS  17-11 
ATTN:  KenneUi  D.  Friddell,  M S 2H-00 
ATTN:  noifort  S.  Cahhvell.  2R-i)0 

Ik»oz-Allen  and  Hamilton,  Ine. 

ATTN:  Raymond. I.  Chhsner 

Brown  KnjiineeriiiK  Companv,  Inc. 

ATTN:  .John  M.  MeSwain,  M S IH 

I'niversity  ot  California  al  San  Die^o 
ATTN:  Sherman  de Forest 

Charles  Stark  Draper  l.,al*)ralory,  Ine. 

ATTN;  Raid  R.  K<-lly 
AT  TN:  Richard  t;.  Haltmaier 
A *r  N : K I'll  n et  h 1-*  e r li  j; 

Computer  Sciences  Corporation 
ATTN:  Barhara  F.  Adam.s 

( ompuler  SciLMices  Cor|>oration 
A T I N:  Alvin  T.  Sc‘hiff 
AT  TN:  Richanl  H.  Dickhaut 

<'ui!er  Hammer,  Inc-. 

Airs  Central  Tech.  Files,  Anne  Anthony 

. R.  deRloml) 

' Fiiiiene  R.  deRloml) 

'I  'fr^M/ratjon 
t«-h.  Ijh. 


- o|oo 


(ieneral  Kks  lric  ('omp:inv 
Space  Division 

ATTN:  Lariw  I.  Chasen 

ATTN:  Joseph  C.  Re«len,  VFSC,  Rm . -12:R)M 
AVrS:  Daniel  Kdelman 
.•\TTN:  John  U.  Aiulrews 

tleneral  Kloc*trie  C’ompany 

Re-entry  Knvironmental  S>  stems  Div. 

ATTN;  Roljcrt  Benetiict 

General  Flecdhc  Company 
TK.NIRO-Ccnler  for  A«lvaneed  Studies 
/\TTN:  John  D.  lll^en 
ATTN:  William  Me Namara 
ATTN:  Royclen  R.  Rutherford 
AT'i’N:  DASIAC 

(ieneral  Flectric  Company 
Aiivraft  Fnpne  Group 

ATT.N;  John  A.  Kllerhorst,  F 2 

General  Flectric  Company 
Aerospace  Flcclronics  SVslcms 

A TTN:  \S'.  J.  Rallerson,  Drop  222 
ATTN;  Charles  M.  Hewison,  Drop  <>24 

C.encral  Rcseaivh  CoiTioi-ation 
AT'J'N;  John  Ise,  Jr. 

Gcorpa  Institute  ol  Technoloj^A- 
Georgia  Tech.  Research  Institute 
A TTN:  R.  CNun 

Goodvear  Aerospace  Corporation 
Arizona  Division 

ATl'N:  B.  Manrun*; 

Grumman  .\erospaee  C'ofT.oration 

ATTN:  Jern-  Rogers,  lX*pt.  522 

G Tt;  Sylvama,  In<‘. 

Fltx-tronics  Systems  Gr|)-Faslei*n  Div. 

ATTN:  Charles  .-\.  Thornhill,  Uhrarian 
ATTN:  U*onanl  I..  Blaisdell 

GTK  Sylvania,  Inc. 

ATTN:  11  k-  V Group,  Mario  A.  Nurefora 
ATTN:  David  R.  Flood 
A ITN:  Herbert  A.  Cllman 
ATTN:  AS.MIH’pl.,  S.  F.  Rcrlman 
ATTN:  Comm.  Syst.  Div.,  Fmil  R.  M<»tchok 

Hazeltine  Coriioration 

AT  l'N:  reeh.  Info.  Ctr. , M.  Waite 

Hercules,  IneoriKirated 

Ari  N:  lOOK-2«-W,  R.  Wixuiniff 


I loneywe  1 1 I nco  n x > ra  le<  I 
Government  and  A<*ronautical 
Rrmluets  Division 

■p  .ATTN,  RomiJd  H.  John.son,  AU)22 

• ♦ i h Mvers 

Hone\-Nvell  IncoriMirnU'd 
Aeros|mce  Division 

ATTN:  Harrison  H.  Noble,  M S 725-.5A 
ATTN;  Riefiard  II.  Reinecko,  .M  *S  72.5-5 
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Honeywell  Incorixirattul 

Kadtation  Center 

A TTN:  Technical  Library 

llu^’hes  Aircraft  Company 

Centinela  and  Teale 

ATTN:  Kenneth  K.  Walker,  MS  1)157 
A T TN;  John  H.  Sinuletary,  MS  fl-Dl.'L'l 
A1  TN:  Hilly  W.  Campl)cll,  MS  r,-K-no 
ATTN:  Tech.  Lib. 

Hutihes  Aircraft  ('ompany 

}^)aee  Systems  Division 

ATTN:  William  W.  Scotl,  MSAIOHO 
AT'l'N:  Kdward(’.  Smith,  MS  Afi20 

IHM  Cor}M)ralion 

AT  I'N ; Krank  Franko  vsky 

in  Research  Institute 

ATTN;  Irving  N.  Mindel 
AT'IN;  JackF.  lindges 

Institute  h)r  Defense  Analyses 

ATTN:  IDA  Librarian,  Ruth  S.  Smith 

Inti.  Tel.  K Telegraph  Cortx>ration 

AT'I  N:  Alexander  T.  Richardson 

Ion  Physics  Cor^Kiration 

ATT.N:  UoljiTt  D.  Kvans 

IH  r Conx’ralion 

A'fTN:  Dennis  Swift 
AT'l'N:  James  A.  Nalier 
ATTN:  K.  L.  Mert/. 

A T TN:  I’erry  Flanagan 

Jay cor 

AT'l'N:  Anrlrew  W(x>ds 
A'l'TN:  Kric  P.  W«'cnas 

Jay  cor 

AT'l'N;  Catherine  Turesko 
A'rTN;  R<dK*rt  Sullivan 

Johns  Hopkins  I'niverslty 

Applied  Physics  Laljorat«)ry 

AT'FN:  Peter  K.  Partridge 

Kaman  Sciences  Corjxjration 

AFl'N.  Allwrl  P.  HridKcs 
A'l'TN. ■ W.  FosU-r  Rich 
A'l  TN:  Donald  H.  Bryce 
A'FTN:  JohnR.  Hoffman 
ATTN;  Library 
AT'l’N;  WiUter  K.  Ware 

Litton  S>«U*ms,  Ine. 

(iuldance  A (Control  Systems  Division 
ATTN:  VjU  J.  Ashby,  MS  «7 
ATTN:  John  P.  Ret/Jer 
A’F'l'N:  U.  W.  MauKhmer 

Ix)ckhcMHl  Missiles  A Hf)nce  Co.,  Inc. 

A'FTN:  (iw)r«e  F.  Ilcuth,  Dept.  Hl-14 
A'FTN:  Benjamin  T.  KImura,  D<‘pt.  81-14 
ATTN:  KtlwInA.  Smith,  Dept.  86-85 
A'FTN:  Samuel  I.  'Falmuly,  Dept.  85-85 
A'F'FN  Philip  J.  Hart,  D(?pt.  81-14 


Lockheed  Missiles  and  S|)ace  (’ompany 

A'F'FN:  Clarence  F.  Kooi,  Dept.  .52-11 

L'F\'  Aer«)space  Coi*{)oralion 
Vou^ht  Systems  Division 

A'F'FN:  Charles  II.  Coleman 

L'FV  Aerospace  Cr>nx)ration 
Michigan  Division 

ATTN;  Fech.  Lil). 

ATTN:  James  F.  Sanson,  B-2 

M.I.T.  Lincoln  Lalx)raU>ry 
A'F'FN:  Jean  L.  Ryan 
A'F'FN:  Leona  LouKhlin,  Librarian  A-Os^ 

Martin  Marietta  Aerospace 
Orlando  Division 

ATTN:  Jack  M.  Ashford.  MP-5.17 
A'FTN:  MonaC.  Griffith.  Lil».,  Ml*-:Ui 
ATTN:  William  W.  Mras,  MP-41.2 

Martin  Marietta  Corix)ration 
Denver  Division 

A'FTN:  .1.  K.  (kiodwin,  MAfL  0L52 
A'FTN:  Ikn  T.  Graham,  MS  PO-L54 

Maxwell  Lalioratories,  Inc. 

A'F'FN:  Victor  Far^o 

.McDonnell  Douglas  Corixirallon 
AT'FN:  Stanley  Schneider 
A'F'FN:  Paul  H.  Duncan,  Jr. 

Mission  Research  Corixiration 
A'F'FN:  Rosier  Stctlncr 
A'FTN:  Daniel  F.  IHsKins 
A'F'FN:  Conrad  L.  Lon^jmire 
A'FTN:  William  C.  Hart 

Mission  Research  C'onwralion 

A'F'FN:  David  F.  Merewether 
A'FTN:  Larry  D.  Scott 

Mission  Research  Corporation- San  Dieno 
A’FTN;  V.  A.  J.  Van  Lint 

Fhe  Mitre  Corixiration 

A'F’FN;  'FhtHuUire  Jarvis 

Motorola  IneorixiraUnt 
Stmilconductor  Group 

A'F'FN:  James  R.  Black 

Motorola,  Inc. 

(kivernment  Klectromcs  Division 

ATTN:  Tech.  Info.  Ctr.,  A.  J.  Kordalewski 

Northrop  Corporation 
Klectixmic  Division 

A’FTN;  .lohn  M.  Reynolds 
A'F'IN:  %'incent  R.  DeMarlino 

A’FTN:  Ik>yce  T.  AhijM)rt 

Northrop  Cor|)orutlon 

Northrop  Research  and  Technology  Clr. 

A'FTN:  Library 

ATTN-  David  N.  Po(H)ck 

ATTN:  Orlle  L.  (’urtis,  Jr. 
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Northn>p  Conjuration 

Klcctronic  Division 

ATTN^  .losoph  D.  Uiisso 

Physics  International  Company 

ATTN:  Doc.  Con.  for  John  il.  Huntington 
ATTN;  Doc.  Con.  for  Charles  il.  Stallings 
ATTN;  Doc.  Con.  for  Ian  D.  Smith 
ATTN;  Doc.  Con.  for  Philip  \V.  J^>cnce 

Pulsar  AssfK'ialcs,  Inc. 

ATTN:  CarU‘ti>n  H.  Jones,  Jr. 

R & D Associates 

ATTN;  William  U.  Graham,  Jr. 

ATTN:  William  J.  Karzas 
ATT.N:  Leonard  Sc’hlcs singer 
ATTN:  S.  Clay  Rogers 
ATTN:  Richard  R.  Schaefer 

The  Kami  Conwration 

ATTN:  Cuilon  Crain 

Raytheon  Compan.v 

ATTN;  Gajanan  11.  Joshi,  Radar  S\'s.  Lah. 

Raytheon  Company 

ATTN:  Harold  L.  Fleseher 

RCA  CorfKjraUon 

Government  & Commercial  i^’stems 

Astro  Kleetronics  Division 

ATTS:  fieorge  J.  lirucker 

RCA  Corf)oration 

David  Sarnoff  Research  CenWr 
ATTN:  K.  H.  Zaininger 

RCA  Conjuration 

(iovernmeril  & Commercial  Systems 

Missile  & Surface  Radar  Division 
AT7'N:  f-Ieanor  K.  DaJy 
ATTN:  Amlrew  L.  Warren 

RCA  Corporation 

Camden  Complex 

ATTN:  V.  Van  Keuren,  13-5-2 

Research  Triangle  Institute 

ATTN:  St*e.  Officer  for  Kng.  Div.  , Mayrant 
Simons,  Jr. 

Rf^'kwell  Jnt4‘rnationa)  Con>oration 
ATTN:  N.  J.  RvKlle,  FA53 
ATTN:  IhmaJd  J.  .Stevens,  KA70 
ATTN:  J.  H|>elz 

J ATTN:  L.  H.  Pinson,  FB-U 

ATTN:  (Jc«)rgi?  C.  Mesflcnger,  FB51 
ATTN:  James  K.  Ikdl,  HAlO 

Hnekwell  International  Corporation 
ATTN:  John  F.  Rol)crtfl 

Rockwell  International  Conjuration 
ATTN:  T.  B.  Yates 


DKPARTMKNT  OF  DFFKNSK  C^ONTUACTORS  (Continued) 

Sanders  Asst>ciales,  Ine. 

ATTN:  l-ti27(i,  H.  G.  Despafhv.  SR  P K 
ATTN;  Moe  L.  Ailel,  NCA  1-32.35 
ATTN:  Jame.s  L.  Barrows 

Science  Appl ications,  Inc. 

Huntsville  Division 

ATTN:  Noel  R.  Byrn 

Scrience  Applications,  Inc. 

ATTN;  J.  Roger  Hill 

Science  Applications,  Inc. 

ATTN:  Charles  Stevens 

Science  Applications,  Incorporated 
ATTN:  William  L.  Chaiisey 

Sidney  Frankel  k As.sociates 
ATTS:  Sidney  Frankel 

Simulation  Physics,  Ine. 

ATTN;  Roger  G.  Lillie 

rhe  Singer  Company 

ATTN:  Irwin  Goldman,  Fng.  Management 

Sj)crry  Flight  ^^'slems  Division 

Sperry  Rand  Con>oralton 

ATTN:  1).  Andrew  Sehow 

S|>erry  Rand  Coi3x)ration 

ATTN:  James  A.  Inda,  MS41T25 

Sperry  Rand  Corporation 

Spen*i'  Division 

ATTN:  Paul  Marruffino 
ATTN:  Charles  L.  Craig,  KV 

Suinford  Research  ln.stitulc 
ATTN:  Mel  Bernstein 
ATTN:  Setsuo  IXiairiki 
ATTN;  Arthur  l/.*e  Whitson 
ATTN:  Philip  J.  IX)lan 

Stanford  Research  Institute 

ATTN:  Maepherson  Morgan 

Sundstrand  Corporation 

ATTN;  Curtin  B.  Wlilte 

Systems,  Science  and  Software 
ATTN:  David  A.  Meskan 

Systems,  Science  and  Software,  Inc. 

ATTN:  Ira  Katz 
A l’TN:  Andrew  R.  Wilson 
ATTN;  i^erman  UeFrost 

Systron-lXjnner  Corporation 

ATTN;  Harold  D.  Morris 

Texas  Instruments,  Inc. 

ATTN;  Donald  J.  Manus,  MS  72 

Texas  Tech.  University 

ATTN:  Travis  L.  Simpson 
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I'nitefl  Twhnologies  (,‘orf). 

Nonlon  Division 

ATTN:  Conrafi  Corria 

W'estlnKh<)use  Klec'tric  Cor|K>ration 
Detense  jind  Klectronic  S>  stems  Ctr. 

ATTN:  Henry  P.  Kalapaca,  MS  3525 


TRW  SNstems  Group 
San  fk.*rnardiTio  Ojierations 

ATTN:  F.  B.  Fav,  527/710 
ATTN:  Karl  W.  Allen 
ATTN:  .1.  M.  CJf>rman,  520/114 

TRW  JAstems  Group 

ATTN:  Donald  W.  Pu^sley 


TRW  Systems  Group 
One  Sj)uef  I’ark 

ATTN:  .Jerry  1.  LuUdl 
ATTN:  Tech.  Info.  Center,  S-1930 
ATTN:  Aaron  H.  Narevsky,  Rl-2144 
ATTN:  R.  K.  Pletnieh,  Ri-207H 
ATTN:  II.  II.  Holloway,  Rl-2030 
2 cy  ATTN:  RoIktI  M.  Webb,  Rl-2410 


